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Abstract 
In the Umbria region a large number of small groundwater resources is exploited to supply drinkable water to customers. More 
than 400 of the wells and springs managed by Umbra Acque S.p.A., one of the three Umbrian managers, draw less than 10 l/s 
and about 240 of them supply less than 1 l/s. The national and the regional regulations do not differentiate in the protection area 
delineation guidelines between large and small resources, although different degree of knowledge about the aquifer and 
economical budget for the operation can be expected. For these reasons, here we propose a procedure for delineating the 
wellhead protection areas, based on simplified models and techniques, particularly suited for the Umbria region. 
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1. Introduction 
Regulations for a safe use of drinking water resources are normally based on the principle that the area 
surrounding wells and springs should be protected in order to avoid any contamination. The extension of such an 
area is usually defined in terms of the needed travel time, compared to the duration needed to eliminate pathogenic 
microbes or, at least, to guarantee an adequate intervention time in case of accident. Sometimes, the simpler 
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geometric criterion is accepted especially at a preliminary stage, without the need of transforming the distance in 
travel time by means of a groundwater model.  
Italian national regulations [1], [2] define three areas around the resource catchment, prescribing land use 
restrictions decreasing with the distance. Precisely, the area very close to the exploited resource is the absolute 
protection area (in Italian “zona di tutela assoluta”), with a restricted access reserved to the manager. It is defined 
by a geometric criterion as a circle with a radius of 10 m and hence its delineation does not require any knowledge 
about the groundwater flow. The largest area surrounding the resource where some restrictions still apply is the 
defense area (“zona di protezione”) comprehending the whole recharge area, which requires a study at 
hydrogeological basin scale; restrictions on land use are compatible with most of the anthropic activities. In the 
middle between the absolute protection area and the defense area there is the protection area (“zona di rispetto”, 
literally the “respect zone”), that could be preliminarily defined as a circle with a radius of 200 m but that is usually 
associated with the 180 or 365 d travel time isochrones; in this area all the land uses that can endanger the water 
quality are strictly prohibited. As defined by the regulations [2], the delineation of this area requires the use of a 
groundwater model to define trajectories and isochrones. 
The systematic application of the national rules in the Umbria region faces the existence of a distributed drawing 
from aquifers in the territory, with many sources supplying a small discharge to few customers. As a matter of fact, 
in the national rules no distinction is made with reference to the discharge drawn from the well or spring. It is 
assumed that the travel time criterion based on the use of groundwater models is applied for both a main well-field 
feeding a large community and a small spring supplying a small discharge. This circumstance is reasonable since the 
use of polluted water has to be avoided with the same efforts without any consideration to the number of customers 
that could be affected. At the same time, it is not reasonable to assume that the same amount of data can be gathered 
and processed, not depending on the resource importance.  
The Umbria Region started its process to regulate the protection area definition at the regional scale [3], [4], [5], 
[6], as required by the national laws, and some preliminary guidelines have been proposed [7]. In these guidelines, 
the resource catchments are divided into three categories, depending on the drawn discharge, Q, and the associated 
customer number, N: strategic or A type resources, when Q30 l/s or N6000; common or B type resources, when 
10≤Q<30 l/s or 2000≤N<6000 and local or C type resources, when Q<10 l/s or N<2000. No explicit reference is 
made to different rules in delineating the protection areas depending on this classification, even if it was auspicated.  
Basing on the regional rules, the managers of the Umbrian water systems are responsible for the delineation of 
the protection areas. 
 
Fig. 1. The territory managed by Umbra Acque S.p.A. in the Umbria region. Dots denote wells or springs. 
Umbra Acque S.p.A. (UA) is one of the three managers of the Umbria region, with a territory of about 4300 km2 
(Fig. 1). As shown in Table 1, most of the 485 resources managed by UA are of C type, with a maximum allowed 
drawing less than 10 l/s. Furthermore, as shown in Fig. 2, 242 out of the 412 type C sources supply less than 1 l/s. 
As previously mentioned, on one hand basing on the national and regional rules, no distinction is made in terms of 
protection area delineation methodologies between wells and springs supplying less than 1 l/s, and those supplying 
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up to 200 l/s. On the other hand, the manager suffers the lack of data on the type C resources. Due to the incomplete 
knowledge of the groundwater flow parameters and the large number of sources in the region, in this case the use of 
sophisticated numerical models to define the travel time isochrones is unfeasible. 
                            Table 1. Wells and springs managed by Umbra Acque S.p.A. 
Type Maximum allowed drawing 
Q (l/s) 
Number of 
wells/sprigs 
C Q  10 l/s 412 
B 10 l/s  Q  30 l/s 43 
A 30 l/s  Q  200 l/s  30 
  
Fig. 2. The type C resources managed by Umbra Acque S.p.A. grouped by maximum allowed discharge. 
In order to face the law prescriptions and define in the best way the protection area, a flexible procedure has been 
outlined, where the complexity of the techniques increases with the level of knowledge about the groundwater flow 
parameters. The proposed approach avoids the use of unnecessary precision and misleading false accuracy in the 
isochrones delineation, providing a tool to improve the accuracy if more data become available in the future.  
2. The procedure 
The first step of the designed procedure is the data collection for all the resources – wells and springs – managed 
by UA. For all of them some basic data, i.e. location and maximum allowable discharge, are available. Other data 
about the aquifers parameters derive from previous studies about the geology or pumping tests carried out for these 
specific purposes. Sources drawing from the same aquifers have been grouped and similar sets of data are used in 
this case.  
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Fig. 3. The workflow of the outlined procedure. 
The spatial variation of the information and its inadequacy with respect to the extension of the Umbra Acque 
S.p.A. managed area did not allow an appropriate geostatistical analysis. Furthermore, a systematic pumping test 
program concerning all the resources is not feasible, comparing the expected costs to the manager budget and with 
the consequent water prices. As it will be shown later on, further studies are needed at a regional scale to improve 
this fundamental step and increase the knowledge about the regional variations of the data.  
Basing on the coordinates, as a first step the absolute protection area can be defined applying the geometric 
criterion, i.e. defining the circle with a radius R = 10 m. At the same time, the protection area can be defined as a 
circle with R = 200 m, using the same geometric criterion. The simplicity of this technique, that does not require any 
further data, has the disadvantage of completely neglecting the underlying physical processes. Nevertheless, since 
regulations admit its preliminary use and, more important, it can be used as a benchmark, enabling the comparison 
of all the delineated area with the same basis, the proposed procedure considers its systematic application. 
The following procedure steps introduce the application of the temporal criterion, differentiating between single 
resources and others. In fact, to define the equal residence time lines (isochrones), different techniques can be 
applied when a single well or spring, or a group of them such as a well-filed, are studied. The resource is considered 
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as a single or isolated one if its functioning conditions do not depend on the functioning conditions of the others. For 
this procedure, a well or a spring is considered as single one if its protection area does not overlap the protection 
area of others. As a first value, the distance of 400 m, i.e. two times the radius used for the geometric criterion, 
discriminates between these behaviors at this preliminary stage. Once the protection areas are delineated by means 
of other techniques, a check is made to ensure that they do not overlap. 
For a single resource, if the discharge and other geological information about the aquifer are known, such as the 
porosity, n, and the thickness, b, the so-called fixed radius solution can be used [8]. In this case the protection area is 
a circle with the radius, R, defined as 
  (1) 
where t is the travel time. Actually, the national regulations allow to distinguish inside the protection area an 
inner or restricted zone (in Italian “zona di rispetto ristretta”) and a outer or extended zone (“zona di rispetto 
allargata”); a single travel time value of 60 d is associated to the inner zone while to the outer, the extended zone, 
either 180 or 365 d travel time values can be used. Since use restrictions do not change from the inner to the outer 
zone and only type C resources are considered in the procedure, a travel time t = 180 d is used. 
A further improvement in the protection area delineation can be introduced if the transmissivity of the aquifer 
and, more important, the slope of the regional flow are known. As it is discussed in the companion paper, the 
availability of an estimate of the regional, undisturbed flow conditions in the catchment area is a crucial aspect that 
needs further analyses. When this information is available, simple analytical methods can be used (e.g. [8], [9]) and 
the protection area can be delineated as a centric or eccentric circle or as a boat-shaped zone. 
A different path of the procedure is required when these simplified methods cannot be applied, i.e. when the well 
or spring functioning conditions interfere with those of other sources or when geological or hydraulic features, such 
as faults or rivers, influence the groundwater flow. In these cases a model based on the analytical or numerical 
integration of the governing equation, on a finite or infinite domain can be applied, to define trajectories and 
isochrones that describe the protection area. For several reasons, an analytic element model, i.e. that implemented in 
WhAEM [10], has been preferred to other numerical models based on finite element or finite difference codes (e.g. 
MODFLOW [11]). It is well known that the analytic element method introduces closed form analytic solutions as 
basic elements to solve the groundwater flow 2-D equations on an infinite domain. Discontinuities in aquifer 
properties, streams or lakes, wells can be introduced as elements and the computational burden increases with the 
element number while the accuracy of the solution does not depend on a cell or finite element size as the method is 
meshless. Furthermore, the domain considered by the analytic method models is not bounded. On the opposite, the 
computational burden of finite difference or finite element models increases with the grid or mesh resolution, not 
depending on the available information on the considered area. Furthermore, the integration on finite domains may 
require the definition of boundary conditions where information are not available. The analytic element model 
produces the flow field, the trajectories and the isochrones needed to define the protection areas. 
At the end of the procedure a further step is required to take into account the parameters uncertainty. This issue is 
particularly relevant for C type resources, where the amount of available data is limited. Since the regional flow 
characterization plays a crucial role in the delineation of the protection area for minor drawings, at least a 
preliminary attempt is made to introduce a safety coefficient related to the uncertainty in the undisturbed regional 
head gradient. Further analyses and a geostatistical characterization of the whole set of data at a regional scale could 
allow to relate this safety coefficient to the uncertainty related to all parameters. At this stage, as a preliminary 
assessment of the uncertainty effects, a “20-20” rule has been adopted: once the value, i, and the direction, α, of the 
slope of the regional flow are estimated, the protection area is delineated as a convex hull containing the protection 
areas obtained combining the limiting values i ± 20%  and α ± 20° [12].  
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3. Conclusions 
The delineation of the protection areas in the Umbria region must fulfill the national and regional regulation 
requirements in order to defend the water resources and the health of the customers. At the same time, since a large 
number of small catchments is used in Umbria, the systematic application of the rules and guidelines require a 
specific procedure to take into account the reduced availability of information about the aquifer. 
The presented procedure is a first attempt to help one of the region manager, Umbra Acque S.p.A., in delineating 
the well and spring protection areas adapting the used tools to the amount of available information. 
In the companion paper [13], the procedure is tested and several tools are compared to assess its appropriateness 
to Umbrian water resources. 
Acknowledgements 
This research has been supported by Umbra Acque S.p.A. under the project “Research activity on the application 
of simplified protection area delineation models to minor resources at a regional scale”. The writers thank Enrico 
Menichetti, former president of Umbra Acque S.p.A., for his decisive support to this research. 
 
References 
[1] --. Decreto Legislativo 3 aprile 2006 n. 152, Norme in materia ambientale (G.U. 14.04.2006, n. 83 - suppl.) modificate ed integrato ai 
sensi del Decreto Legislativo 16 gennaio 2008 n.4 (G.U. 29.01.2008 n. 24 - suppl.) e Decreto Legislativo 29 giugno 2010, n. 128 
(G.U. 11.08.2010, n. 186 - suppl.) 
[2] --. Accordo 12 dicembre 2002 (Conferenza permanente per i rapporti tra lo stato, le regioni e le province autonome), Linee guida per 
la tutela della qualità delle acque destinate al consumo umano e criteri generali per l'individuazione delle aree di salvaguardia delle 
risorse idriche di cui all'art. 21 del decreto legislativo 11 maggio 1999, n. 152 (G.U. 03.01.2003, n.2) 
[3] --. Legge Regionale 10 dicembre 2009 n.25, Norme attuative in materia di tutela e salvaguardia delle risorse idriche e Piano regionale 
di Tutela delle Acque - Modifiche alle leggi regionali 18 febbraio 2004, n. 1, 23 dicembre 2004, n. 33 e 22 ottobre 2008, n. 15; 2009 
[4] --. Deliberazione della Giunta Regionale della Regione Umbria, 1° ottobre 2003, n. 1421, D.Lgs. 152/99 - Piano di tutela delle acque: 
Accordo della Conferenza Stato Regioni concernente: «Linee guida per la tutela delle acque destinate al consumo umano e criteri 
generali per l’individuazione delle aree di salvaguardia delle risorse idriche di cui all’art. 21 del D.Lgs. 11 maggio 1999, n. 152» - 
Adozione; 2003 
[5] --. Deliberazione della Giunta Regionale della Regione Umbria 22 dicembre 2003, n. 1968 “Piano di tutela delle acque e modalità di 
delimitazione delle aree di salvaguardia delle acque superficiali e sotterranee destinate al consumo umano di cui all’art.21 del D.Lgs. 
152/99 e s.m.i.; 2003. 
[6] --. Deliberazione della Giunta Regionale della Regione Umbria del 30 dicembre 2010, n. 1953 “Regolamento Disciplina per la tutela 
delle aree di salvaguardia delle acque superficiali e sotterranee destinate al consumo umano - Preadozione”; 2010 
[7] --. Allegato tecncico al Regolamento della Giunta Regionale della Regione Umbria del 30 dicembre 2010, n. 1953 “Disciplina per la 
tutela delle aree di salvaguardia delle acque superficiali e sotterranee destinate al consumo umano”; in bozza. 
[8] Ceric A., Haitjema H. (2005). On using simple time-of-travel capture zone delineation methods. Ground Water, 43(3): 408–12. 
doi:10.1111/j.1745-6584.2005.0035.x. 
[9] Haitjema H.M. (1995). Analytic element modeling of groundwater flow, CLASSPAK Publishing at Indiana University. 
[10] Haitjema H.M., Wittma J., Kelson V., Bauch N. (1994). WhAEM: program documentation for the wellhead analytic element model, 
EPA/600/R-94/210, United States Environmental Protecton Agency. 
[11] Harbaugh A.W. (2005). MODFLOW-2005, The U.S. Geological Survey modular ground-water model—the Ground-Water Flow 
Process: U.S. Geological Survey Techniques and Methods 6- A16. 
[12] Jacobson E., Andricevic R., Morrice J. (2002). Probabilistic capture zone delineation based on an analytic solution. Ground Water, 40 
(1). Blackwell Publishing Ltd: 85–95. doi:10.1111/j.1745-6584.2002.tb02494.x. 
[13] Ferrante et al. (2015). Delineation of wellhead protection areas in the Umbria region. 2. Validation of the proposed procedure. 
Procedia Environmental Sciences, this issue. 
